The purpose of this study was to examine whether smoking frequency and cigarette consumption were related with obesity in Korean adolescents. A total of 72,399 adolescents from 1st grade middle-school to 3rd grade high-school participated in the 5th Korea Youth Risk Behavior Web-based Survey (KYRBWS) project in 2009. The relationship between the body mass index (BMI), smoking frequency, and cigarette consumption was assessed using multivariate logistic regression analysis after adjusting for covariate variables like age, frequency of alcohol consumption and severe alcohol intoxication, amount of alcohol consumed, parents' education level, economic status, sedentary activities during the week, mental stress, sleep duration, frequency of vigorous and moderate physical activities, and muscular strength exercises during the week. We concluded that both smoking frequency and cigarette consumption had positive effects with regard to weight loss in adolescents. However, because smoking has negative side effects on general health, including an increase in abdominal fat and morbidity rates of obesity-related diseases, we recommend that adolescents should not smoke (Tab. 3, Ref. 26). Full Text in PDF www.elis.sk.
In recent times, obesity has become a serious social and public health issue in Korea. In 2009, the Korea National Health and Nutrition Examination Survey-IV (KNHANES-IV) reported that 5.0 % and 11.3 % of adolescents are already overweight and obese, respectively, and that the prevalence of obesity is increasing with age (1) . People in the 20s, 30s, 40s, 50s, 60s, and over-70s age groups have a 29.0 %, 38.5 %, 41.9 %, 43.4 %, 32.2 %, and 19.9 % risk, respectively, of becoming obese (1) .
Obesity is known to induce various adverse health effects such as cardiac disease, stroke, diabetes, musculoskeletal disorders, and some cancers (endometrial, breast, and colon cancers) (2) . Moreover, because approximately 80% of the obese adolescents grow into obese adults, it is important to prevent obesity during adolescence itself (3) (4) .
It is clear that sedentary lifestyle and unhealthy eating habits have contributed to an increase in the prevalence of obesity (5) (6) . Furthermore, obesity is also affected by drug use, cigarette smoking, and alcohol consumption. Therefore, a large number of studies are being carried out to determine the side effects associated with these habits (7) .
Furthermore, smoking is the primary risk factor for pulmonary diseases, including lung cancer and other malignancies, chronic obstructive pulmonary disease, and cardiovascular disorders (8) .
Many studies have reported that smoking does not cause longterm weight loss; however, whether it worsens obesity or results in long-term weight-loss is still controversial. Canoy et al (2005) showed that current smokers have larger waistlines than past smokers and nonsmokers do (9) . However, Stavropoulos-Kalinoglou et al (2008) showed that smoking is associated with a decreased body mass index (BMI) (10); Metsios et al (2008) reported that cigarette smoking signifi cantly increases the basal metabolic rate (11), and Chou et al (2004) reported that reduction in smoking leads to weight gain (12) .
A Korean study reported that an increase in cigarette consumption increases abdominal obesity in adults even when the BMI of these smokers is lower than that of nonsmokers (13) . However, only a few studies have examined the relationship between smoking and obesity (13) (14) . Furthermore, although regional studies have been performed on this issue, no nationwide study has ever been performed on Korean adolescents in this regard. Therefore, the purpose of this study was to examine whether smoking frequency and cigarette consumption were related with obesity in Korean adolescents throughout the country.
Methods

Subject
The 5th Korea Youth Risk Behavior Web-based Survey (KYRBWS), a retrospective cohort study, was conducted using a complex sample design, involving stratifi cation, clustering, and multistage sampling; this nationwide school-based survey was conducted by the Korea Centers for Disease Control and Prevention (KCDCP) to evaluate the prevalence of health-risk behavior among adolescent students in Korea (15) . This study involved students from 400 middle schools and 400 high schools and evaluated the association of smoking frequency and cigarette consumption with obesity in Korean adolescents, taking into account potential covariate variables.
Participated students were assigned unique identifi cation numbers by classroom teachers. The students accessed the survey Web page by using their ID numbers and responded to a question about their willingness to participate. Willing participants self-administered the questionnaire anonymously at the school, and those unwilling did not progress further. The KYRBWS V was administered to a nationally representative study and as the KYRBWS V did not collect private information, ethical approval was not required.
The response rate of this study was 97.6 % (n = 75,066); students who were absent for long periods and students with dyslexia and dysgraphia were excluded from this study. Thus, 72,399 students participated in this study.
Independent variables
The participants were asked to self-record their heights and weights; BMI (kg/m 2 ) was calculated for each participant by using their respective heights and weights. In accordance with the World Health Organization's (WHO) Asia-Pacifi c standard of obesity, individuals with BMIs of <23, ≥23-<25, and ≥25 kg/m 2 were classifi ed into normal, overweight, and obese groups, respectively (16) .
Dependent variables
Self-reported smoking frequency and cigarette consumption were evaluated for each participant by asking them the following 3 questions: (Q1) "Do you smoke?," with the response options "1) No" and "2) Yes." A response of "never smoked" was considered as "No". (Q2) "In the last month, how often have you smoked more than 1 cigarette?," with the response options "1) No," "2)1-2 cigarettes per month," "3) 3-5 cigarettes per month," "4) 6-9 cigarettes per month," "5) 10-19 cigarettes per month," and "6) 20-30 cigarettes per month." A response of "past smoked" was considered as "No". (Q3) "In the last month, how many cigarette(s) have you had on an average per day?," with the response options "1) <1 cigarette per day," "2) 1 cigarette per day," "3) 2-5 cigarettes per day," "4) 6-9 cigarettes per day," "5) 10-19 cigarettes per day," and "6) ≥20 cigarettes per day."
Covariate variables
1) Participant ages: the participant age defi ned by the KYRB-WS was used without any modifi cations.
2) Frequency of drinking: the possible responses ranged from 1 (never) to 7 (everyday).
3) Alcohol consumption: the possible responses ranged from 1 (<1 bottle of beer) to 5 (≥4 bottles of beer).
4) Frequency of severe alcohol intoxication: the possible responses ranged from 1 (no) to 4 (>5 times per month). 5) Parents' education level: the possible responses ranged from 1 (middle school or lower) to 3 (college or higher).
6) Economic status: the possible responses ranged from 1 (very rich) to 5 (very poor).
7)
Frequency of vigorous physical activities, such as digging, aerobics, heavy lifting, or fast cycling during the week: the American College of Sports Medicine (ACSM) recommends that such activities be performed at least 3 times a week (17) . On the basis of this recommendation and the frequency of vigorous physical activities performed during the week, the participants were divided into 2 groups, i.e., group 1 (yes; vigorous physical activity performed ≥3 times per week) and group 2 (no; vigorous physical activity performed <3 times per week).
8) Frequency of moderate physical activities, such as bicycling at a regular pace, carrying light loads, or playing doubles tennis during the week: the ACSM recommends that such activities be performed at least 5 times a week (17) . On the basis of this recommendation and the frequency of moderate physical activities performed during the week, the participants were divided into 2 groups, i.e., 1 (yes) and 2 (no).
9) Frequency of muscular strength exercises, such as sit-ups, push-ups, and weight lifting, during the week: the ACSM recommends that such exercises be performed at least 2 times a week (17) . On the basis of this recommendation and the frequency of muscular strength exercises performed during the week, the participants were divided into 2 groups, i.e., 1 (yes) and 2 (no).
10) Sedentary activities like playing computer games, watching television, and using the internet during weekdays and weekends: Youth Risk Behavior Surveillance (YRBS)-United State recommends that such activities be limited to less than 3 hours per day (18) . On the basis of this recommendation and the frequency of sedentary activities performed in the week, the participants were divided into 2 groups, i.e., 1 (yes) and 2 (no).
11) Mental stress: the possible responses ranged from 1 (very high) to 5 (none).
12) Sleep duration: the possible responses ranged from 1(≤4 hours/day) to 6(≥8 hours/day).
Statistical analysis
The descriptive data are presented in terms of mean and standard deviation (mean ± SD). Multivariate logistic regression analyses were conducted to determine whether smoking frequency and cigarette consumption were related with BMI after adjusting for covariate variables. Statistical signifi cance was set at p < 0.05*, p < 0.01**, and p < 0.001***, and all analyses were performed using SPSS ver. 12.0(SPSS, Chicago, IL, USA).
Results
Characteristic of subjects
The characteristics of the participants are shown in Table 1 . The average age of the boys and girls participating in this study was 15.00 ± 1.73 and 15.12 ± 1.77 years, respectively; their average height was 169.58 ± 8.19 and 160.08 ± 5.39 cm, respectively; their average weight was 60.14 ± 11.72 and 51.47 ± 7.67 kg, respectively; and their average BMI was 20.80 ± 3.21 and 20.05 ± 2.58 kg/m 2 , respectively. According to their respective BMI, the boys and girls were classifi ed as being normal weight (29,404 (77.1 %) and 29,667 (86.6 %), respectively), overweight (4,382 (11.5 %) 
The multivariate logistic regression analyses
Multivariate logistic regression analyses of smoking frequency and cigarette consumption for the overweight and normal weight groups and for the obese and normal weight groups of Korean adolescents are shown in Tables 2 and 3 presented in the tables show the prevalence of overweight and obesity in Korean adolescents after adjusting for covariate variables such as age, frequency of alcohol consumption and severe alcohol intoxication, amount of alcohol consumed, parents' education level, economic status, sedentary activities during the week, mental stress, sleep duration, frequency of vigorous and moderate physical activities, and muscular strength exercises during the week. 
Discussion
The purpose of this study was to examine whether smoking frequency and cigarette consumption were related to obesity in Korean adolescents. This study indicated that smoking frequency and cigarette consumption had a positive effect on weight loss in adolescents even after adjusting for covariate variables.
Smoking is reported to increase the levels of hormone leptin, which controls fat distribution and food consumption (19) (20) , and decreases the levels of hypothalamic neuropeptide-Y (NPY), which controls the appetite (21) (22) . Furthermore, smoking also increases the levels of thyroid hormones, such as epinephrine and norepinephrine, which increase energy expenditure during daily life activities (23) (24) . Thus, the results of this study showed a natural outcome and supported the results obtained in previous studies, which indicate that smoking is associated with a reduction in BMI (10-12). However, previous Korean studies have reported that smoking negatively affects abdominal fat levels and increases the morbidity rate of obesity-related diseases (13) (14) , even though smokers weigh lesser than nonsmokers do. This study, however, did not provide any information whether smoking was related to abdominal fat levels and with increased morbidity rate of obesityrelated diseases in Korean adolescents. Therefore, further welldesigned studies should be performed in the future to determine the effects of smoking on Korean adolescents.
Interestingly, smoking-associated BMI reduction is observed more in boys than in girls. This might be because boys secrete higher levels of hormones like epinephrine and norepinephrine during smoking, owing to the gender-related differences amongst boys and girls (25) .
Stavropoulos-Kalinoglou et al (2008) reported that heavy smoking appeared to be associated with a reduction in the lean body mass (10). Our results show that the BMI of boys decreased with an increase in cigarette consumption. Severe smokers may have a more decreased BMI because of the higher reduction in lean body mass. We hope that further well-designed studies are undertaken to elucidate the relationship between severe smoking and reduced lean body mass.
Our study has some limitations. First, this study was conducted online, and the participants were asked to self-record their heights and weights. It is possible that the level of obesity that was measured would be relatively low, because adolescents have a tendency to exhibit an increase in height and decrease in weight (26) . Second, information regarding the economic status was obtained from the adolescents and not from the parents, and hence, it can be inaccurate. Third, because this was a retrospective cohort study, it does not provide defi nitive evidence of causality or directionality but does provide their interrelationship. However, this study is different from the previous small regional case studies because it investigated adolescents from the entire country (Korea), with a sample population of 72,399. Therefore, our study is one of the representative studies on the relationship between smoking and obesity in Korean adolescents.
Conclusion
We concluded that both smoking frequency and cigarette consumption had positive effects on weight loss in adolescents. However, because smoking has negative side effects on general health, including increase in abdominal fat and morbidity rates due to obesity-related diseases, we recommend that adolescents should not smoke.
